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Abstract 
The method of inverse task was used to analyze three different physical phenomena. The particle size distributions were 
reconstructed from the magnetization curve, dynamic light scattering and magnetic birefringence relaxation data. The results thus 
obtained for one real magnetic fluid sample are different; they characterize the physical nature of the phenomena. All three 
methods may be used to determine intrinsic sample properties.  
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1. Introduction  
Magnetic particle size and its distribution strongly influence the properties of magnetic fluids. There are a 
number of methods that can be used for estimation of nanoparticle size, but not all of them yield the particle size 
distribution function. The predefined distribution functions, for example, normal, log-normal or others, with some 
adjusting parameters often are not accurate as they exclude the possible multimode distribution. Methods based on 
the solution of the inverse tasks can achieve the distribution sought from macroscopic data without any predefined 
distribution form. For example, in the magnetization curve model for the superparamagnetic particles, the 
distribution is obtained directly by using the expression: 
 
M(H) = ¦
N
i
nimiL(miH/kT),               (1) 
 
where ni is the number concentration of particles with the magnetic moment mi. The Langevin function L(miH/kT) 
describes the result of magnetization of one particle, the set ni (i «N) represents a discrete distribution function 
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for the particles with the magnetic moments mi as model parameters. The calculation of model parameters ni from 
the experimental data M(H) for predicted set mi is named the Inverse task. The parameters ni may be calculated by 
the regularization method [1]. 
The distribution of magnetic moments may be transformed to a distribution of particle sizes if we take into 
account that: mi=Is·S·di3/6, where Is is the spontaneous magnetization of particle material, and di is the particle 
diameter. The number distribution may be transformed to volume distribution with Vi=nimi/¦
N
i
nimi, where Vi is 
volume concentration of the particle fraction with the magnetic moment mi. 
There are three phenomena under consideration in this paper. The first one is the equilibrium magnetization of 
superparamagnetic particles. This phenomenon is modeled by equation (1) as mentioned earlier. The measurements 
are performed employing the vibration sample magnetometer (Lake Shore Cryotronics, Inc., model 7404 VSM), the 
software for the treatment of magnetization data was developed at the Institute of Physics, Latvian University [2, 3]. 
The second phenomenon is the translational Brownian motion (diffusion) and subsequent size distribution of 
an entire ensemble of particles in the solution. The method used is the dynamic light scattering (DLS), also known 
as photon correlation spectroscopy (PCS) and quasi-elastic light scattering (QELS). In dynamic light scattering, all 
of the information regarding the motion or translation diffusion of the particles in the solution is contained within 
the measured correlation curve. For samples, consisting of only one particle size group, the correlation curve can be 
fitted to a single exponential form as below: 
 
WW DqAeBdttItI
22)()(  ³ ,               (2) 
 
where B is the baseline, A the amplitude, D the translation diffusion coefficient. The symbol q represents the 
scattering vector which depends on the solvent refractive index, wavelength of the laser and the scattering angle [4]. 
This is the model of phenomena for monodisperse systems. The integral on the left side is experimentally 
measured correlation function for intensity pulses of scattered light I(t). The hydrodynamic radius is defined as a 
radius of a hard sphere that diffuses at the same rate as the particle under observation. The hydrodynamic radius is 
calculated using the particle diffusion coefficient and the Stokes-Einstein equation: 
 
D
kTRH SK6
  ,                             (3) 
 
where k is the Boltzmann constant, T the temperature and K is the carrier viscosity. The model for a polydisperse 
sample obviously is a sum of terms of different diffusion coefficients. For measurements we employed the 
equipment (Zetasizer nano S90) and software of Malvern Instruments Ltd. 
The third phenomenon under consideration in this paper is the relaxation of the magnetic birefringence in 
magnetic fluids. We believe that the birefringence of magnetic fluids is caused by orientation of colloidal particles 
due to the field. Equilibrium orientation of the particles sets in within a certain period of time under the influence of 
thermal motion. This process may be interpreted as a rotational diffusion. The process of equilibration for the 
orientation of the particles may be observed and relatively easily registered, for example, by the relaxation of optical 
anisotropy of the magnetic fluid after switching off the field. The times of the relaxation are determined by an 
appropriate coefficient of rotational diffusion Dr, which depends on the carrier viscosity, particle size and 
temperature. For a spherical particle it is given by: 
 
V
kTDr K6
 ,   (4) 
 
where V is the volume of particle.  
We measured the relaxation process according to the method of Ref. [5] with some changes e.g. the time for 
switching off the magnetic field was less than 300 ns and measurements were performed using a digital oscilloscope 
and a PC. The information was obtained by measuring the intensity of light which goes through a polarizer after 
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switching off the external magnetic field. The light intensity in the case for polydisperse system may be described 
by the expression: 
 
I(t) = ¦
N
i
Ii exp( -12Dri t),                    (5) 
 
where N is the number of the particle fractions, Dri the rotational diffusion coefficient of particles i-fraction and Ii 
the light intensity induced by the corresponding  fraction. The expression (5) is taken as the equation for Ii search 
from the experimental data I(t) for predicted set Dri. The set of Dri was converted to the set of diameters di by using 
the expression (4). 
2. Results 
Figures 1 - 3 represent results obtained from measurements and analysis by the three methods described above of 
a polydisperse magnetite-hydrocarbon based ferrofluid OA_BF_lot 10-9-08 (Ferrotec Corporation) specially 
prepared for the present study. Table 1 represents the main parameters of the particle size distribution: the 
distribution mode and the full width at half maximum. 
In all cases a single mode particle distribution was obtained. The distribution mode calculated from 
magnetization data is the smallest in terms of the particle size and its range. The model characterizes the magnetic 
FRUHRISDUWLFOHVWKH³PDJQHWLF´VL]H 
The dynamic light scattering gives information about the translation diffusion of particles in the dispersion, the 
results correspond to particles bounded with a surfaFWDQW VKHOO ´K\GURG\QDPLF´ VL]HV $ FRPSDULVRQ RI ERWK
distributions, for example distribution mode, allows a determination the shell thickness. As we see, this thickness 
exceeds the surfactant molecular chain length (oleic acid |2nm). It may be due to nonmagnetic shell in the structure 
of the solid phase of the particle. Theoretically the shell thickness distribution may be obtained easy if the number 
particle instead of the volume to use on y-axis, however in practice the magnetic size distribution tail in the small 
particle region is not enough satisfactory for this task. Evidently it is connected with the unaccounted paramagnetic 
part of sample magnetization. We believe it is feasible problem. 
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Fig.1. Particle size distribution reconstructed from the 
magnetization curve. 
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Fig.2. Particle size distribution reconstructed from the dynamic 
light scattering. 
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Table 1. Parameters of the particle size distribution. 
 
Data sourse Max Peak (nm) FWHM (nm) 
Magnetization 10.5 7.7 
DLS 17.6 16 
Birefringence 63 16 
 
The size obtained from the relaxation of magnetic birefringence is significantly bigger than that evaluated from 
the dynamic light scattering. This result may be explained as an effect that is related to the optical anisotropy of 
particles. Obviously, this anisotropy is directly related to the geometrical anisotropy. The connection of the 
magnetite particle geometrical orientation and its magnetic moment increases with particle volume. As a result, the 
particles of large volume predominate in this phenomenon. Moreover for particles with large geometrical anisotropy 
the effective rotational diffusion coefficient is smaller than that given by the expression for spherical particles (4), 
and the particle size thus obtained may be too high. This question was considered in paper [6]. Beyond doubt, the 
existence of miscellaneous (compound) particles in the colloid influences both translational and rotary diffusions, if 
WKHVDPSOHLVQRWSXUSRVHO\UHILQHGWRUHPRYH³XQGHILQDEOH´SDUWLFOHV 
3. Conclusion 
The method of the inverse task may be used to reconstruct the particle size distribution of the polydisperse 
systems from the different phenomena without predefined distribution form. All three methods reflect a specific 
nature of the examined phenomena and may be used to determine inherent sample properties, such as the size 
distribution of core magnetic particles, the distribution of hydrodynamic sizes and the rotational mobility of 
optically anisotropic particles. It may be useful for analysis of the colloidal nanoparticle structure, nonmagnetic shell 
of the particles and its dependence from the particle size. Moreover the results may be used for validation the others 
simplest methods which use predicted single mode distribution. 
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Fig.3. Particle size distribution reconstructed from the magnetic 
birefringence relaxation. 
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